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
0W\SH.Y.&14SRWDVVLXPFKDQQHOVDUHSURWHLQVWKDWFRQWUROH[FLWDELOLW\RIQHXURQVDQGPXVFOH
FHOOV0DQ\SK\VLRORJLFDODQGSDWKRORJLFDOPHFKDQLVPVRIH[FLWDWLRQRSHUDWHYLDWKHVXSSUHVVLRQRI0
FKDQQHODFWLYLW\RUH[SUHVVLRQ&RQYHUVHO\SKDUPDFRORJLFDODXJPHQWDWLRQRI0FKDQQHODFWLYLW\ LVD
UHFRJQL]HG VWUDWHJ\ IRU WUHDWPHQWRIK\SHUH[FLWDELOLW\GLVRUGHUV VXFK DV SDLQ DQGHSLOHSV\+RZHYHU
SK\VLRORJLFDOPHFKDQLVPVUHVXOWLQJLQ0FKDQQHOSRWHQWLDWLRQDUHUDUH+HUHZHUHSRUWWKDWLQWUDFHOOXODU
IUHH]LQFGLUHFWO\DQGUHYHUVLEO\DXJPHQWVDFWLYLW\RIUHFRPELQDQWDQGQDWLYH0FKDQQHOV7KLVHIIHFWLV
PHFKDQLVWLFDOO\ GLVWLQFW IURP WKH NQRZQ UHGR[GHSHQGHQW .&14 FKDQQHO SRWHQWLDWLRQ ,QWHUHVWLQJO\
WKH HIIHFW RI ]LQF FDQQRW EH DWWULEXWHG WR D VLQJOH KLVWLGLQH RU F\VWHLQHFRQWDLQLQJ ]LQF ELQGLQJ VLWH
ZLWKLQ .&14 FKDQQHOV ,QVWHDG ]LQF GUDPDWLFDOO\ UHGXFHV .&14 FKDQQHO GHSHQGHQFH RQ LWV
REOLJDWRU\SK\VLRORJLFDO DFWLYDWRU SKRVSKDWLG\OLQRVLWRO ELVSKRVSKDWH 3,3 :HK\SRWKHVL]H WKDW
]LQFIDFLOLWDWHVLQWHUDFWLRQVRIWKHOLSLGIDFLQJLQWHUIDFHRID.&14SURWHLQZLWKWKHLQQHUOHDIOHWRIWKH
SODVPDPHPEUDQHLQDZD\VLPLODUWRWKDWSURPRWHGE\3,36LQFH]LQFLVLQFUHDVLQJO\UHFRJQL]HGDVD
XELTXLWRXV LQWUDFHOOXODU VHFRQG PHVVHQJHU WKLV GLVFRYHU\ PLJKW UHSUHVHQW D KLWKHUWR XQNQRZQ QDWLYH
SDWKZD\RI0FKDQQHOPRGXODWLRQDQGSURYLGHDIUHVKVWUDWHJ\IRUGHVLJQRI0FKDQQHODFWLYDWRUVIRU
WKHUDSHXWLFSXUSRVHV

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
6LJQLILFDQFHVWDWHPHQW
0W\SH .Y .&14 SRWDVVLXP FKDQQHOV DUH SRZHUIXO UHJXODWRUV RI QHXURQDO DQG PXVFXODU
H[FLWDELOLW\DQGDUHYDOLGDWHGGUXJWDUJHWVIRUWUHDWPHQWRIH[FLWDELOLW\GLVRUGHUV7KHSODVPDPHPEUDQH
SKRVSKRLQRVLWLGH SKRVSKDWLG\OLQRVLWRO ELVSKRVSKDWH 3,3 LV UHTXLUHG WR PDLQWDLQ 0 FKDQQHO
DFWLYLW\:HUHSRUWWKDWLQWUDFHOOXODUIUHH]LQFGLUHFWO\DQGUHYHUVLEO\DXJPHQWVDFWLYLW\RIUHFRPELQDQW
DQG QDWLYH 0 FKDQQHOV E\ UHGXFLQJ RU YLUWXDOO\ DEROLVKLQJ FKDQQHO UHTXLUHPHQW IRU 3,3 WKHUHE\
SHUPLWWLQJ D 3,3JDWHG LRQ FKDQQHO WR RSHUDWH LQGHSHQGHQWO\ RI WKLV LPSRUWDQW VLJQDOLQJ PROHFXOH
*LYHQWKHJURZLQJUHFRJQLWLRQRI]LQFLVDVDQLQWUDFHOOXODUVHFRQGPHVVHQJHUWKLVSKHQRPHQRQPLJKW
UHSUHVHQWDKLWKHUWRXQNQRZQSDWKZD\RI0FKDQQHOPRGXODWLRQDQGSURYLGHDIUHVKVWUDWHJ\IRUGHVLJQ
RI0FKDQQHOWDUJHWLQJGUXJV



 


?ERG\
0W\SH .&14 .Y . FKDQQHOV DUH D IDPLO\ RI YROWDJHJDWHG . FKDQQHOV ZLWK D YHU\
GLVWLQFWLYH DQG UREXVW UROH LQ WKH FRQWURO RI FHOOXODU H[FLWDELOLW\ 7KH FKDQQHOV JLYH ULVH WR QRQ
LQDFWLYDWLQJ.FXUUHQWVZLWKVORZNLQHWLFVDQGDYHU\QHJDWLYHDFWLYDWLRQWKUHVKROGP9RUHYHQ
PRUH QHJDWLYH ,Q FRPELQDWLRQ WKHVH IHDWXUHV DOORZ .&14 FKDQQHOV WR UHPDLQ SDUWLDOO\ DFWLYH DW
YROWDJHVQHDUWKHUHVWLQJPHPEUDQHSRWHQWLDORIDQHXURQRUDPXVFOHFHOODQGWKXVVWURQJO\LQIOXHQFH
H[FLWDELOLW\   7UDQVLHQW .&14 FKDQQHO LQKLELWLRQ OHDGV WR UHYHUVLEOH LQFUHDVHV LQ QHXURQDO
H[FLWDELOLW\ ZKLOH ORQJWHUP ORVVHV RI .&14 FKDQQHO DFWLYLW\ RIWHQ UHVXOW LQ GHELOLWDWLQJ H[FLWDELOLW\
GLVRUGHUV7KXVORVVRIIXQFWLRQPXWDWLRQVZLWKLQ.&14JHQHVXQGHUOLHVRPHW\SHVRIHSLOHSV\
GHDIQHVVDQGDUUK\WKPLDVZKLOHWUDQVFULSWLRQDOGRZQUHJXODWLRQLQVHQVRU\QHUYHVPD\UHVXOWLQFKURQLF
SDLQ  &RQYHUVHO\ 0 FKDQQHO HQKDQFHUV µRSHQHUV¶ UHGXFH H[FLWDELOLW\ DQG DUH FOLQLFDOO\ XVHG DV
DQWLHSLOHSWLF GUXJV HJ UHWLJDELQH RU DQDOJHVLFV HJ IOXSLUWLQH  7KHUDSHXWLF XWLOLW\ RI .&14
FKDQQHORSHQHUVH[WHQGV WRRWKHUGLVRUGHUV OLQNHGWRGHUHJXODWHGH[FLWDELOLW\VXFKDVDQ[LHW\VWURNH
VPRRWKPXVFOHGLVRUGHUV   WKHUHIRUHDJOREDOTXHVW IRU VSHFLILF DQGVHOHFWLYH.&14RSHQHUV LV
FXUUHQWO\XQGHUZD\
7KH .&14 FKDQQHO IDPLO\ FRQWDLQV  PHPEHUV .&14 .Y.Y .&14 LV PRVWO\
H[SUHVVHG ZLWKLQ WKH FDUGLRYDVFXODU V\VWHP ZKLOH RWKHU PHPEHUV DUH SUHGRPLQDQWO\ QHXURQDO  
7KH PRVW DEXQGDQW 0W\SH FKDQQHO ZLWKLQ WKH QHUYRXV V\VWHP LV EHOLHYHG WR EH WKH KHWHURPHULF
.&14FKDQQHODOWKRXJKRWKHUKRPRDQGKHWHURPHULFFKDQQHOVDUHDOVRSUHVHQW
,Q DGGLWLRQ WR YROWDJH .&14 FKDQQHOV DUH DOVR VHQVLWLYH WR WKH SODVPD PHPEUDQH
SKRVSKRLQRVLWLGHSKRVSKDWLG\OLQRVLWROELVSKRVKSDWH3,3$FFRUGLQJO\*SURWHLQFRXSOHG
UHFHSWRUPHGLDWHG3,3GHSOHWLRQLVRQHRI WKHPDMRUPHFKDQLVPVRIH[FLWDWRU\DFWLRQRIHQGRJHQRXV
QHXURWUDQVPLWWHUV DQG QHXURPRGXODWRUV VXFK DV DFHW\OFKROLQH DQJLRWHQVLQ ,, JOXWDPDWH DQG RWKHUV
UHYLHZHG LQ   ([FLVHG SDWFK VLQJOH FKDQQHO UHFRUGLQJV RI .&14 DQG .&14 FKDQQHOV


UHYHDOHG WKDW WKHLU RSHQ SUREDELOLW\ 3R DSSURDFKHV ]HUR ZKHQ 3,3 LV GHSOHWHG ZKHUHDV LQFUHDVLQJ
FRQFHQWUDWLRQVRIH[RJHQRXV3,3UDLVH3RXSWRXQLW\,WKDVDOVREHHQGHWHUPLQHGWKDW.&14KDV
RYHUIROGKLJKHUDSSDUHQW3,3DIILQLW\DVFRPSDUHGWR.&14DQG.&14$VDUHVXOWWRQLF
PHPEUDQH3,3 OHYHOV LQFHOOVVXFKDV&KLQHVHKDPVWHURYDU\&+2DUHVXIILFLHQW WRPDLQWDLQ3RRI
.&14 KRPRPHUV DW QHDU XQLW\ DW VDWXUDWLQJ YROWDJHV ZKLOH KRPRPHULF .&14 DQG .&14
FKDQQHOVGLVSOD\YHU\ORZ3RYDOXHVRI7KHHOXFLGDWLRQRIWKHVWUXFWXUDOEDFNJURXQGRI
WKH.&14FKDQQHOLQWHUDFWLRQZLWK3,3LVRQJRLQJEXWVHYHUDOLPSRUWDQWUHJLRQVKDYHEHHQLGHQWLILHG
LQFOXGLQJWZRFOXVWHUVRISRVLWLYHO\FKDUJHGDPLQRDFLGUHVLGXHVZLWKLQWKHFKDQQHOFDUER[\WHUPLQXV
DVZHOODVDGGLWLRQDOFOXVWHUVZLWKLQ WKHF\WRVROLF66DQG66OLQNHUV UHYLHZHG LQ $OO WKH
UHJLRQVLGHQWLILHGWKXVIDUDUHF\WRVROLFDQGDUHSUHVXPHGWRIDFLOLWDWHLQWHUDFWLRQVZLWKWKHQHJDWLYHO\
FKDUJHG SKRVSKDWH JURXSV RI 3,3 IDFLQJ WKH F\WRVRO DW WKH LQQHU SODVPD PHPEUDQH OHDIOHW
3KRVSKRU\ODWLRQ  RU PHWK\ODWLRQ  RI UHVLGXHV ZLWKLQ WKH &WHUPLQDO 3,3 ELQGLQJ VLWH ZHUH
UHSRUWHGWRPRGXODWH3,3DIILQLW\DQGLQWXUQ.&14FKDQQHODFWLYLW\7KXVPRGXODWLRQRIWKH.&14
FKDQQHO 3,3 VHQVLWLYLW\ PD\ UHSUHVHQW D QHZ WKHUDSHXWLF DSSURDFK WR WKH WUHDWPHQW RI H[FLWDELOLW\
GLVRUGHUVVXFKDVHSLOHSV\DQGSDLQ
,Q WKH SUHVHQW VWXG\ ZH UHSRUW WKDW LQWUDFHOOXODU ]LQF LRQV SRWHQWO\ DXJPHQW WKH DFWLYLW\ RI
KHWHURORJRXVDQGQDWLYH.&14FKDQQHOVE\UHGXFLQJFKDQQHOUHTXLUHPHQWVIRU3,37KHHIIHFWRI]LQF
LVUHYHUVLEOHDQGPRVWOLNHO\GLUHFWDVLWFDQEHGHPRQVWUDWHGLQH[FLVHGPHPEUDQHSDWFKHV6LQFH]LQF
LV EHLQJ LQFUHDVLQJO\ UHFRJQL]HG DV DQ LPSRUWDQW LQWUDFHOOXODU VHFRQG PHVVHQJHU WKLV HIIHFW FRXOG
UHSUHVHQW DQ DOWHUQDWLYH UHJXODWRU\ VLJQDOLQJ SDWKZD\ IRU FRQWURO RYHU FHOOXODU H[FLWDELOLW\ :KLOH
LQWUDFHOOXODU FRQFHQWUDWLRQVRI IUHH]LQF DUH ORZQ0  ]LQF LVDFFXPXODWHG DWKLJK OHYHOV LQ
YDULRXVVWRUHVVXFKDV(5PLWRFKRQGULDDQGV\QDSWLFYHVLFOHV,QWKHODWWHUWKHFRQFHQWUDWLRQVRIIUHH
]LQF FRXOG UHDFK PLOOLPRODU OHYHO  'XULQJ V\QDSWLF WUDQVPLVVLRQ YHVLFXODU ]LQF LV UHOHDVHG DQG
TXDQWLWLHV RI ]LQF WUDQVORFDWH WR WKH SRVWV\QDSWLF WHUPLQDOV WKURXJK ]LQF SHUPHDEOH FKDQQHOV VXFK DV


$03$ UHFHSWRUV  $GGLWLRQDOO\ ]LQF FDQ EH UHOHDVHG IURP F\WRVROLF EXIIHULQJ SURWHLQV VXFK DV
PHWDOORWKLRQHLQVHJLQUHVSRQVHWRDFLGLILFDWLRQ7KXVWKHUHLVFOHDUVFRSHIRULQWUDFHOOXODU]LQF
VLJQDOLQJLQQHXURQVLQFOXGLQJIRULQVWDQFHSRVWV\QDSWLFULVHVGXULQJSHULRGVRIKLJKDFWLYLW\K\SR[LD
QHXURWUDXPDHWF7KHUHIRUH WKLVDFXWHDQGUDSLGO\UHYHUVLEOHPHFKDQLVPIRU µWXQLQJ¶.&14FKDQQHO
3,3 VHQVLWLYLW\ E\ ]LQF PLJKW UHSUHVHQW D QHXURQDO IHHGEDFN PHFKDQLVP IRU FRQWUROOLQJ H[FLWDELOLW\
GXULQJ SHULRGV RI K\SHUH[FLWDELOLW\ <HW VLQFH 0 FKDQQHO SRWHQWLDWLRQ UHTXLUHV PLFURPRODU OHYHOV RI
LQWUDFHOOXODU ]LQF IXWXUH UHVHDUFK LVQHHGHG WRHVWDEOLVK LIQDWLYH0FKDQQHOVDUH LQGHHGVXEMHFWHG WR
VXFKORFDOFRQFHQWUDWLRQVRI]LQFXQGHUSK\VLRORJLFDORUSDWKRSK\VLRORJLFDOFRQGLWLRQVLQYLYR


5HVXOWV
=LQFLRQRSKRUHVDUH.&14FKDQQHORSHQHUV5HFHQWUHSRUWVLGHQWLILHG]LQFS\ULWKLRQH
=Q3\ )LJ 6 DV DQ µDW\SLFDO¶ .&14 FKDQQHO RSHQHU DQG VXJJHVWHG WKDW WKH S\ULWKLRQH PRLHW\
FRPSOH[HGZLWK]LQFDXJPHQWV.&14FKDQQHODFWLYLW\E\ELQGLQJ WRD VLWHZLWKLQ WKHH[WUDFHOOXODU
SRUHUHJLRQ,WLVDOVRZHOOUHFRJQL]HGWKDW=Q3\LVD]LQFLRQRSKRUHZKLFKFDQHIIHFWLYHO\GHOLYHU
IUHH]LQFLRQVDFURVVWKHSODVPDPHPEUDQHRIOLYLQJFHOOV7KXVZHWHVWHGZKHWKHUWKHHIIHFW
RI=Q3\RQ.&14FKDQQHODFWLYLW\LVDWWULEXWDEOHWRWKHLRQRSKRUHDFWLYLW\RIWKHIRUPHU7RWKLVHQG
ZH RYHUH[SUHVVHG KXPDQ .&14 FKDQQHOV LQ &+2 FHOOV DQG WHVWHG WKH HIIHFW RI ILYH VWUXFWXUDOO\
GLVWLQFW]LQFLRQRSKRUHVRQ.&14FXUUHQWV7KHIROORZLQJLRQRSKRUHVZHUHXVHG=Q3\P0
S\UUROLGLQHGLWKLRFDUEDPDWH  3'7&  P0 ]LQF GLHWK\OGLWKLRFDUEDPDWH  =Q'('7& 
P0WHWUDEXW\OWKLXUDPGLVXOSKLGH]LQFLRQRSKRUH,P0DQG'LLRGRK\GUR[\TXLQROLQH
',4 P0  =Q3\ DQG =Q'('7& DOUHDG\ FRQWDLQHG ]LQF DV SDUW RI WKH FRPSOH[ )LJ 6
RWKHU LRQRSKRUHVZHUHXVHG LQFRPELQDWLRQZLWKP0=Q&O LQ WKHH[WUDFHOOXODU VROXWLRQ.&14
KDVEHHQFKRVHQEHFDXVHDPRQJKRPRPHULF.YFKDQQHOVLWGLVSOD\VWKHPRVWUHSURGXFLEOHDQGUREXVW


H[SUHVVLRQLQ&+2FHOOV/LYHFRQIRFDOLPDJLQJRILQWUDFHOOXODUIUHH]LQFOHYHOVFRQILUPHGWKDWDOO
ILYH LRQRSKRUHV SURGXFHG UREXVW HOHYDWLRQV RI LQWUDFHOOXODU ]LQF )LJ $) LQ HDFK FDVH WKHVH
HOHYDWLRQV ZHUH FRPSOHWHO\ UHYHUVHG E\ WKH DSSOLFDWLRQ RI ]LQF FKHODWRU 1 1 1¶ 1¶ WHWUDNLV 
S\ULG\OPHWK\OHW\OHQHGLDPLQHSHQWDHWK\OHQH73(1P073(1KDVPXFKKLJKHU]LQFDIILQLW\DV
FRPSDUHGWRRWKHULRQRSKRUHVVXFKDV=Q3\DQG',4.G YV.'|0DQGLV
FDSDEOHRIµVWULSSLQJ¶]LQFRIILQWUDFHOOXODUSURWHLQVDQG]LQFVHQVLWLYHIOXRUHVFHQWLQGLFDWRUV
:H WKHQ SHUIRUPHG SHUIRUDWHG SDWFK YROWDJH FODPS UHFRUGLQJV WR WHVW WKH HIIHFWV RI WKHVH ILYH
LRQRSKRUHVRQ.&14FXUUHQWDPSOLWXGH6WULNLQJO\GHVSLWHKDYLQJGLIIHUHQWFKHPLFDOVWUXFWXUHVDOO
ILYH FRPSRXQGV DXJPHQWHG .&14 DPSOLWXGH E\  IROG )LJ */ $V ZLWK LQWUDFHOOXODU ]LQF
OHYHOV WKH HIIHFW RI HDFK LRQRSKRUH RQ .&14 FXUUHQW DPSOLWXGH ZDV UHYHUVHG E\ 73(1 1RWDEO\
73(1GLGQRWQRUPDOO\ LQKLELW.&14FXUUHQWEHORZ WKHEDVHOLQHEXWRQO\ UHYHUVHG WKH LRQRSKRUH
LQGXFHGDXJPHQWDWLRQ)LJ/VXJJHVWLQJWKDWLWKHHIIHFWRI73(1LVOLNHO\WREHPHGLDWHGE\]LQF
FKHODWLRQUDWKHU WKDQE\DGLUHFWHIIHFWRQWKHFKDQQHO LL WRQLFF\WRVROLF OHYHOVRIIUHH]LQFLQ&+2
FHOOVDUH WRR ORZWRDIIHFWFKDQQHODFWLYLW\6LPLODU WR.&14KHWHURPXOWLPHULF.&14FKDQQHOV
IRUPHG E\ .&14.&14 FRQFDWHPHUV RYHUH[SUHVVHG LQ &+2 FHOOV ZHUH SRWHQWO\ DXJPHQWHG E\
=Q3\=Q'('7&DQG3'7&WKHVHHIIHFWVZHUHFRPSOHWHO\UHYHUVHGE\73(1)LJ$%,QDFFRUG
ZLWK SUHYLRXV ILQGLQJV =Q3\ LQGXFHG OHIWZDUG VKLIWV RI WKH YROWDJHGHSHQGHQFH RI .&14 DQG
.&14IURPP9WRP9Q SDQGIURPP9WR
P9Q S UHVSHFWLYHO\)LJ6
,QWHUHVWLQJO\ 1D S\ULWKLRQH 1D3\ P0 DOVR LQGXFHG .&14 FXUUHQW DXJPHQWDWLRQ 7KH
HIIHFW ZDV VORZHU DQG VPDOOHU LQ DPSOLWXGH DV FRPSDUHG WR WKDW LQGXFHG E\ =Q3\ EXW QHYHUWKHOHVV
VLJQLILFDQW)LJ6$%7KXV1D3\DXJPHQWHG.&14FXUUHQWE\IROGQ SDQG
VXEVHTXHQW WUDQVLHQWDSSOLFDWLRQRI=Q3\WRWKHVDPHFHOOVFDXVHGIXUWKHUDXJPHQWDWLRQIROG
UHODWLYH WR EDVHOLQH ZKLFK ZDV VLJQLILFDQWO\ KLJKHU WKDQ WKH 1D3\ HIIHFW S )LJ 6$ %


)LQDOO\DSSOLFDWLRQRI73(1LQWKHSUHVHQFHRI1D3\UHYHUWHGFXUUHQWDPSOLWXGHWRYDOXHVWKDWZHUH
VOLJKWO\EXWQRWVLJQLILFDQWO\EHORZWKHEDVHOLQH6XUSULVLQJO\]LQFLPDJLQJUHYHDOHGWKDWH[WUDFHOOXODU
DSSOLFDWLRQRI1D3\SURGXFHGDPRGHUDWHEXWVLJQLILFDQWHOHYDWLRQRILQWUDFHOOXODU]LQF)LJ6&:H
PHDVXUHGLIRXU1D3\UHDJHQWSXUFKDVHGIURP6LJPDLVFRQWDPLQDWHGE\]LQFXVLQJDWRPLFDEVRUSWLRQ
VSHFWURVFRS\ EXW IRXQG WKDW WKHFRQWDPLQDWLRQZDVQHJOLJLEOH7KXV P0VROXWLRQRI1D3\
FRQWDLQHGP0]LQFQ DQGLQORZHUGLOXWLRQV]LQFZDVQRWUHOLDEO\GHWHFWDEOH,WLVWKHUHIRUH
OLNHO\WKDWWKHHIIHFWZDVDUHVXOWRI]LQFUHOHDVHIURPLQWUDFHOOXODUVWRUHVRUDOWHUQDWLYHO\LWFRXOGEHD
UHVXOW RI D S\ULWKLRQHPHGLDWHG ]LQF LQIOX[ IURP WKH H[WUDFHOOXODU VLGH VLQFH H[WUDFHOOXODU VROXWLRQV
ZKLOHQRPLQDOO\]LQFIUHHGRFRQWDLQPLFURPRODU]LQFWUDFHV5HJDUGOHVVRIWKHVRXUFHWKRXJKLW
LVFOHDUWKDWL1D3\SURGXFHVLQFUHDVHVLQWKHLQWUDFHOOXODUIUHH]LQFFRQFHQWUDWLRQLLDXJPHQWDWLRQRI
.&14FXUUHQWE\1D3\LVUHYHUVHGE\WKH]LQFFKHODWRU73(17KXVZHFRQFOXGHWKDWWKHDFWLRQRI
LQWUDFHOOXODU]LQFLVUHVSRQVLEOHIRU.&14FXUUHQWDXJPHQWDWLRQE\1D3\
,QWUDFHOOXODU ]LQF FDQ DXJPHQW DFWLYLW\ RI XQLWDU\ .&14 FKDQQHOV ([SHULPHQWV WKXV IDU
HVWDEOLVKHG D FRUUHODWLRQ EHWZHHQ WKH LQWUDFHOOXODU ]LQF OHYHOV DQG PDFURVFRSLF .&14 FXUUHQW
DPSOLWXGH%XWLVLQWUDFHOOXODU]LQFDORQHVXIILFLHQWWRDXJPHQW.&14FKDQQHODFWLYLW\"7RDQVZHUWKLV
TXHVWLRQZHSHUIRUPHGLQVLGHRXWH[FLVHGSDWFKUHFRUGLQJVRIXQLWDU\.&14FRQFDWHPHULFFKDQQHOV
RYHUH[SUHVVHG LQ&+2FHOOV DVGHVFULEHG LQ  VHH0HWKRGV :HPHDVXUHGVLQJOHFKDQQHO3R DW D
VDWXUDWLQJ YROWDJH  P9 3DWFKHV ZLWK VRPH VLQJOHFKDQQHO DFWLYLW\ LQ FHOODWWDFKHG PRGH ZHUH
H[FLVHG LQWR LQVLGHRXW FRQILJXUDWLRQ XSRQ H[FLVLRQ FKDQQHO DFWLYLW\ GHFOLQHG VKDUSO\ GLVSOD\LQJ
DOPRVWQRDFWLYLW\)LJ&)LQDFFRUGZLWKSUHYLRXVILQGLQJV7KLVVKDUSUXQGRZQRIFKDQQHO
DFWLYLW\XSRQSDWFKH[FLVLRQLVOLNHO\GXHWRWKHGHSOHWLRQRIPHPEUDQH3,3E\WKHPHPEUDQHERXQG
OLSLGSKRVSKDWDVHVSUHVHQWLQWKHSDWFKPHPEUDQHDQGLVFKDUDFWHULVWLFRIYLUWXDOO\DOO3,3VHQVLWLYHLRQ
FKDQQHOV  $GGLWLRQ RI LQFUHDVLQJ FRQFHQWUDWLRQV RI =Q&O WR WKH LQWUDFHOOXODU VLGH RI WKH SDWFK
SURGXFHG FRQFHQWUDWLRQGHSHQGHQW UHVWRUDWLRQ RI .&14 FKDQQHO DFWLYLW\ VXFK WKDW WKHLU 3R URVH


IURPQHDU]HURWRDQGDWDQGP0=Q&OUHVSHFWLYHO\)LJ
&)Q S,QRXUH[SHULPHQWVVLQJOHFRQFDWHPHULF.&14FKDQQHOFXUUHQWDPSOLWXGHVDW
P9ZHUHVRPHZKDWKLJKHUWKDQWKHVHUHSRUWHGIRUFKDQQHOVIRUPHGE\LQGHSHQGHQWO\RYHUH[SUHVVHG
.&14DQG.&14VXEXQLWVS$Q YVaS$DOWKRXJKNLQHWLFVDQGYROWDJH
GHSHQGHQFH RI PDFURVFRSLF FXUUHQWV ZHUH VLPLODU HJ )LJ 6' 7KH VLQJOHFKDQQHO H[SHULPHQWV
GHPRQVWUDWHG WKDW LQWUDFHOOXODU]LQF LRQV DUHVXIILFLHQW WRDXJPHQW.&14FKDQQHODFWLYLW\ DQG WKXV
PRVWOLNHO\WRDFFRXQWIRUWKH.&14µRSHQHU¶DFWLRQRI]LQFLRQRSKRUHV$SSOLFDWLRQRI=Q&OXSWR
P0WRWKHH[WUDFHOOXODUVLGHRIWKHSODVPDPHPEUDQHLQZKROHFHOOH[SHULPHQWVIDLOHGWRDXJPHQW
.&14FXUUHQWEXWSURGXFHGZHDNEXWUDSLGLQKLELWRU\HIIHFWLQVWHDG)LJ6
=LQFSRWHQWLDWHVQDWLYH0FKDQQHOV LQGRUVDOURRWJDQJOLRQQHXURQV:HQH[W WHVWHG LI]LQF
FDQ SRWHQWLDWH WKH DFWLYLW\ RI QDWLYH 0 FKDQQHOV 0 FKDQQHOV DUH H[SUHVVHG LQ PDPPDOLDQ
VRPDWRVHQVRU\QHXURQV HVSHFLDOO\ LQ µSDLQ¶RUQRFLFHSWLYHQHXURQVDQGDUH LPSRUWDQW IRUFRQWURORI
WKHLUUHVWLQJH[FLWDELOLW\XOWLPDWHO\FRQWUROOLQJQRFLFHSWLYHVLJQDOOLQJUHYLHZHGLQ7KXV
ZH WHVWHG WKH HIIHFW RI LQWUDFHOOXODU ]LQF RQ WKH 0 FXUUHQW LQ FXOWXUHG VPDOOGLDPHWHU SUHVXPHG
QRFLFHSWLYH UDW GRUVDO URRW JDQJOLRQ '5* QHXURQV 6LPLODU WR WKH FXUUHQWV SURGXFHG E\
RYHUH[SUHVVHG.&14FKDQQHOVQDWLYH0FXUUHQW LQ'5*QHXURQVZDVDOVRDXJPHQWHGE\=Q3\ 
P0WRRIEDVDODPSOLWXGH)LJ$%Q S7KLVHIIHFWZDVFRPSOHWHO\UHYHUVHGE\
P073(1ZKLFKKRZHYHUGLGQRWLQKLELWWKHFXUUHQWVLJQLILFDQWO\EHORZWKHEDVDOOHYHO6LPLODUO\
WR&+2FHOOV=Q3\DOVRSURGXFHGUREXVWULVHVLQLQWUDFHOOXODU]LQFLQFXOWXUHGQHXURQV)LJ&'DQ
HIIHFWWKDWZDVDJDLQUHYHUVHGE\73(1
7R WHVW LI LQWUDFHOOXODU IUHH ]LQF LV VXIILFLHQW IRU QDWLYH 0 FXUUHQW DXJPHQWDWLRQ ZH SHUIRUPHG
ZKROHFHOOUHFRUGLQJVZLWKSLSHWWHVROXWLRQVXSSOHPHQWHGZLWKP0=Q&OLQWKHVHUHFRUGLQJV&D
0J DQG &D EXIIHUV ZHUH H[FOXGHG IURP WKH SLSHWWH VROXWLRQ 8SRQ EUHDNLQJ LQWR WKH ZKROHFHOO
FRQILJXUDWLRQRISDWFKFODPSUHFRUGLQJXVLQJWKHFRQWUROSLSHWWHVROXWLRQWKHUHZDVDVPDOOUXQXSRI0


FXUUHQW DPSOLWXGH PHDVXUHG DV µWDLO¶ FXUUHQW UHOD[DWLRQXSRQYROWDJHSXOVH IURP  WR P9 VHH
0HWKRGV )LJ ( 7KLV UXQXS ZDV VLJQLILFDQWO\ SRWHQWLDWHG ZKHQ UHFRUGLQJ ZLWK =Q&OFRQWDLQLQJ
SLSHWWHVROXWLRQ$FFRUGLQJO\WKHSODWHDX0FXUUHQWGHQVLW\ZDVVLJQLILFDQWO\ODUJHULQ=Q&OVROXWLRQ
DVFRPSDUHGWRFRQWUROS$S)Q YVS$S)Q S)LJ)7KXVQDWLYH
0FXUUHQWLQ'5*QHXURQVLVDOVRSRWHQWO\DXJPHQWHGE\LQWUDFHOOXODU]LQF
0RGXODWLRQRI.&14FXUUHQWE\]LQFLVPHFKDQLVWLFDOO\GLVWLQFWIURPWKHUHGR[GHSHQGHQW
.&14 FXUUHQW DXJPHQWDWLRQ 5HFHQWO\ ZH DQG RWKHUV UHSRUWHG DXJPHQWDWLRQ RI .&14 FKDQQHO
DFWLYLW\YLDWKHR[LGDWLYHPRGLILFDWLRQRIDWULSOHF\VWHLQHSRFNHWLQWKHFKDQQHO66OLQNHU
6LQFH]LQFFDQELQGWRF\VWHLQHVDQGIRUPUHGR[VHQVLWLYHPROHFXODUVZLWFKHVZHWHVWHGLIWKH
HIIHFWRI]LQFRQ.&14FKDQQHOVLVDOVRUHGR[GHSHQGHQWDQGPHGLDWHGE\WKHWULSOHF\VWHLQHSRFNHW
:H FRPSDUHG WKH HIIHFW RI ]LQF ZLWK WKDW RI DVFRUEDWH WKH ODWWHU KDYLQJ EHHQ VKRZQ WR DXJPHQW
.&14FKDQQHODFWLYLW\LQDUHGR[GHSHQGHQWZD\,QDFFRUGZLWKSUHYLRXVILQGLQJVDSSOLFDWLRQ
RIP0DVFRUEDWHFDXVHGIROGLQFUHDVHRI.&14FXUUHQWDPSOLWXGHQ S)LJ$
% * WKLV HIIHFW ZDV UHYHUVHG E\ WKH UHGXFLQJ DJHQW GLWKLRWKUHLWRO '77  P0 )LJ $ * ,Q
FRQWUDVW73(1P0GLGQRWUHYHUVHDVFRUEDWHLQGXFHG.&14FXUUHQWDXJPHQWDWLRQ)LJ%*
=LQFLPDJLQJUHYHDOHGWKDWDVFRUEDWHGRHVQRWSURGXFHDPHDVXUDEOHLQFUHDVHRILQWUDFHOOXODU]LQF)LJ
6 2Q WKH RWKHU KDQG WKH .&14 SRWHQWLDWLQJ HIIHFW RI =Q3\ DQG RWKHU ]LQF LRQRSKRUHV ZDV
UHYHUVHGE\73(1)LJ*/)LJ'+EXWQRW'77)LJ&+0RVWLPSRUWDQWO\VXEVWLWXWLRQRI
WKUHH F\VWHLQHV ZLWKLQ WKH UHGR[VHQVLWLYH F\VWHLQH SRFNHW E\ DODQLQHV &±$ LQ .&14
UHVXOWHGLQDFKDQQHOWKDWZDVFRPSOHWHO\LQVHQVLWLYHWRDVFRUEDWH)LJ(,\HW&±$PXWDQW
FKDQQHOFXUUHQWVZHUHVWLOO VHQVLWLYHWR=Q3\)LJ) ,IROGSRWHQWLDWLRQQ QRWGLIIHUHQW
IURP WKH ZW.&14 7KHVH H[SHULPHQWV VXJJHVW WKDW DXJPHQWDWLRQ RI .&14 FXUUHQWV E\ ]LQF LV
PHFKDQLVWLFDOO\GLVWLQFWIURPWKHHIIHFWSURGXFHGE\R[LGDWLYHPRGLILFDWLRQZLWKLQWKHUHDFWLYHF\VWHLQH
SRFNHW


,Q VHDUFK RI WKH .&14 ]LQF ELQGLQJ VLWH =LQF ELQGLQJ VLWHV LQ SURWHLQV XVXDOO\ FRQWDLQ
KLVWLGLQH RU F\VWHLQH UHVLGXHV ZLWK DVSDUWLF RU JOXWDPLF DFLGV DOVR RIWHQ SDUWLFLSDWLQJ LQ ]LQF
FRRUGLQDWLRQ ,QRUGHU WRLGHQWLI\D]LQFELQGLQJVLWHZLWKLQWKH.&14FKDQQHOVZHVXEVWLWXWHG
ZLWK DODQLQHV DOO WKH LQGLYLGXDO LQWUDFHOOXODU KLVWLGLQHV DQG DOVR WKH LQWUDFHOOXODU F\VWHLQHV FRQVHUYHG
EHWZHHQ .&14 )LJ $ LQVHW ZH XVHG .&14 DV D EDFNERQH IRU WKHVH H[SHULPHQWV 7KHVH
VXEVWLWXWLRQV LQFOXGHG WKH IROORZLQJ UHVLGXHVKLVWLGLQHVDW WKHSRVLWLRQVDQG
DVZHOODVF\VWHLQHVDWWKHSRVLWLRQVDQG:HDOVRWHVWHGD.&14
FKDQQHO ZLWK D KLVWLGLQHOHVV FDUER[\WHUPLQXV  +$ DV ZHOO DV D WULSOHF\VWHLQH
VXEVWLWXWLRQDWSRVLWLRQV&$VHHDERYH6XUSULVLQJO\QRQHRIWKHVHLQGLYLGXDORUJURXS+LV
RU&\VVXEVWLWXWLRQVDEROLVKHGFKDQQHOVHQVLWLYLW\WR=Q3\)LJ$2QO\ LQWKH+$PXWDQWZDV
WKHFXUUHQW DXJPHQWDWLRQVRPHZKDW ORZHU  IROG LQFUHDVHQ YV IROG LQZW.&14
Q  EXW WKLV ZDV QRW VWDWLVWLFDOO\ VLJQLILFDQW 7KHVH H[SHULPHQWV UHYHDOHG WKDW QHLWKHU LQWUDFHOOXODU
KLVWLGLQHVQRUF\VWHLQHV HLWKHU LQGLYLGXDOO\RU LQFOXVWHUVFDQ IXOO\DFFRXQW IRU ]LQFLQGXFHG.&14
FXUUHQWSRWHQWLDWLRQDQGWKXVVRPHRWKHUPHFKDQLVPVPXVWEHLQYROYHG
6XUSULVLQJO\+$GLVSOD\HGGUDPDWLFDOO\HQKDQFHG=Q3\LQGXFHGSRWHQWLDWLRQDVFRPSDUHGWR
ZW.&14)LJ$)LJ6WKHPXWDQWDOVRKDGPXFKVPDOOHUEDVDOFXUUHQWDPSOLWXGH)LJ6%'
$VLPLODUWHQGHQF\DOWKRXJKOHVVSURQRXQFHGZDVGLVSOD\HGE\WKHTXDGUXSOH+LVPXWDQWZKLFKDOVR
KDV + UHSODFHG )LJ $ )LJ 6& ' ,QWHUHVWLQJO\ + LQ .&14 LV HTXLYDOHQW WR + LQ
.&14DUHVLGXHZKLFKZDVLGHQWLILHGDVRQHRIWKHNH\GHWHUPLQDQWVRIFKDQQHOLQWHUDFWLRQZLWK3,3
 7KH UHGXFHG DSSDUHQW DIILQLW\ WR 3,3 RI +$ PXWDQW FRUUHODWHV ZHOO ZLWK UHGXFHG EDVHOLQH
FXUUHQW DPSOLWXGH+RZHYHU WKH VWURQJHQKDQFHPHQWRI WKHEDVHOLQH FXUUHQWE\=Q3\ WR OHYHOV HYHQ
KLJKHUWKDQWKRVHSURGXFHGE\ZW.&14PD\VXJJHVWWKDW]LQFUHGXFHVFKDQQHOUHTXLUHPHQWVIRU3,3
2XUVLQJOHFKDQQHOH[SHULPHQWVDOVRKLQWHGWRWKHVDPHK\SRWKHVLV.&14FKDQQHOVKDYHDSHUPLVVLYH
UHTXLUHPHQWIRU3,3DQGZKHQPHPEUDQH3,3LVGHSOHWHGDVLQWKHFDVHRIDQLQVLGHRXWH[FLVHGSDWFK


VLQJOH.&14FKDQQHOVDFWLYLW\UXQVGRZQUDSLGO\WRDOPRVW]HUR)LJ&)<HWDGGLWLRQ
RI]LQFWRWKHLQWUDFHOOXODUVLGHRIWKHSODVPDPHPEUDQHZDVDEOHWRUHVFXHWKH.&14FKDQQHODFWLYLW\
ZLWKRXW UHSOHQLVKPHQW RI 3,3 :H WKHUHIRUH DVNHG LI ]LQF FDQ LQGHHG LQWHUIHUH ZLWK FKDQQHO
UHTXLUHPHQWIRU3,3
=LQFUHGXFHV.&14FKDQQHO3,3GHSHQGHQFH)LUVWZHWHVWHGWKHHIIHFWRILQWUDFHOOXODU]LQF
RQ.&14DFKDQQHO WKDW LQFRQWUDVW WR.&14DQG.&14KDVKLJK3,3DIILQLW\VXFKWKDW
WRQLF3,3 OHYHOV LQ&+2FHOOVDUHVXIILFLHQW WRPDLQWDLQWRQLFPD[LPDO3RRI WKLVFKDQQHOQHDUXQLW\
6LQFHWKH.&14FKDQQHOH[SUHVVHVSRRUO\DVDKRPRPHUZHXVHG.&14ZLWKDSRUH
GRPDLQ PXWDWLRQ $7 .&147 ZKLFK VWURQJO\ LQFUHDVHV .&14 FXUUHQW DPSOLWXGH ZLWKRXW
FKDQJLQJDSSDUHQW3,3DIILQLW\,QWHUHVWLQJO\QHLWKHU=Q3\QRU3'7&KDGDQ\HIIHFWRQWKH
.&147FXUUHQWDPSOLWXGH)LJ%('*VXJJHVWLQJWKDWWKHHIIHFWVRI3,3DQG]LQFRQFKDQQHO
DFWLYLW\DUHQRQDGGLWLYHPHDQLQJ WKDW]LQFZRXOGKDYH OLWWOHHIIHFWRQDJLYHQ.&14VXEXQLWXQGHU
FRQGLWLRQVZKHQWKHOHYHORI3,3LVVDWXUDWLQJ
:HWKHQGLVDEOHGWZRNQRZQ&WHUPLQDO3,3LQWHUDFWLQJVLWHVLQ.&147E\LGHOHWLQJDOLQNHU
EHWZHHQKHOLFHV$DQG%SRVLWRQVWKDWKDUERUVDFOXVWHURIEDVLFUHVLGXHVLQFOXGLQJ.
. DQG 5  DQG LL LQWURGXFLQJ PXWDWLRQV 5$ DQG +& WKDW QHXWUDOL]HG WKH 3,3
LQWHUDFWLQJVLWHDWWKHMXQFWLRQEHWZHHQWKH6DQG&WHUPLQDOKHOL[$ZHODEHOOHGWKLVPXWDQW
µ.&147'3,3&WHUP¶ &KDUJHQHXWUDOL]LQJ PXWDWLRQV ZLWKLQ HLWKHU RI WKHVH VLWHV ZHUH VKRZQ WR
UHGXFH FKDQQHO 3,3 DIILQLW\    $FFRUGLQJO\ .&147'3,3&WHUP FXUUHQW DPSOLWXGH ZDV
UHGXFHGRYHUIROGDVFRPSDUHGWRWKH.&147FKDQQHOS$Q YVS$
Q S6WULNLQJO\ERWK=Q3\DQG3'7&SURGXFHGIROGDXJPHQWDWLRQRI.&147'3,3
&WHUPFXUUHQWDPSOLWXGH)LJ&')*7KHVHGDWDVXJJHVWWKDWWKHLQFUHDVHG3,3GHSHQGHQFHRIWKH
.&147'3,3&WHUPPXWDQWFDQEHFRPSHQVDWHGE\LQWUDFHOOXODU]LQF


1H[WZHXVHGDVLPLODUVWUDWHJ\WRUHGXFH3,3DIILQLW\RI.&14WRWHVWKRZWKLVZRXOGDIIHFW
]LQFHIIHFWVRQ WKLVFKDQQHO7KLV WLPHZH WDUJHWHGDGLIIHUHQW3,3LQWHUDFWLQJVLWH WKH66 OLQNHU
:H QHXWUDOL]HG RQH RI WKH EDVLF UHVLGXHV E\ LQWURGXFLQJ D ./ VXEVWLWXWLRQ )LJ $ LQVHW DW D
SRVLWLRQHTXLYDOHQWWR.LQ.&14ZKLFKZDVVKRZQWREHLQYROYHGLQWKHLQWHUDFWLRQZLWK3,3
 $V LQ WKH FDVH ZLWK .&147'3,3&WHUP .&14 ./ PXWDQW KDG PXFK UHGXFHG FXUUHQW
DPSOLWXGHDV FRPSDUHG ZLWK WKHZW.&14 )LJ6$'+RZHYHU=Q3\SURGXFHGPXFK VWURQJHU
FXUUHQWDXJPHQWDWLRQRIWKHPXWDQWIROGQ YVIROGQ S)LJ6$%
( 7R SUREH IXUWKHU WKH UHODWLRQVKLSV EHWZHHQ WKH FKDQQHO 3,3 UHTXLUHPHQW 3,3 OHYHOV DQG
SRWHQWLDWLRQE\]LQFZHLQFUHDVHGWRQLF3,3OHYHOVLQ&+2FHOOVE\RYHUH[SUHVVLQJWKHNH\HQ]\PHRI
3,3 V\QWKHVLV 3,NLQDVH ZKLFK SKRVSKRU\ODWHV SKRVSKDWLG\OLQRVLWRO SKRVSKDWH WR 3,3 WKLV
PDQHXYHU KDV EHHQ VKRZQ WR LQFUHDVH PD[LPDO 3R DQG PDFURVFRSLF FXUUHQW GHQVLW\ RI .&14 DQG
.&14 LQ &+2 FHOOV  3,NLQDVH RYHUH[SUHVVLRQ LQGHHG VLJQLILFDQWO\ LQFUHDVHG FXUUHQW
DPSOLWXGHVRIERWKZW.&14DQG.&14./DQGDVH[SHFWHGKDGDVWURQJHUHIIHFWRQWKHODWWHU
)LJ6&',Q3,NLQDVHRYHUH[SUHVVLQJ&+2FHOOV=Q3\VWLOODXJPHQWHGFXUUHQWDPSOLWXGHVRI
ERWKZWDQG./PXWDQWFKDQQHOVEXWQRWDEO\ WKHPD[LPDOFXUUHQWDPSOLWXGHVLQWKHSUHVHQFHRI
=Q3\ ZHUH WKH VDPH LQ &+2 FHOOV ZLWK DQG ZLWKRXW 3,NLQDVH RYHUH[SUHVVLRQ )LJ 6& '
$FFRUGLQJO\WKHGHJUHHRIWKH=Q3\LQGXFHGDXJPHQWDWLRQRIWKH.&14./FXUUHQWUHODWLYHWR
EDVHOLQH LQ WKHSUHVHQFH3,NLQDVHZDV VWURQJO\ UHGXFHG )LJ6( DQGZDVQR ORQJHUGLIIHUHQW
IURPWKHDXJPHQWDWLRQRIZW.&14LQWKHDEVHQFHRI3,NLQDVH
&ROOHFWLYHO\ H[SHULPHQWVSUHVHQWHG LQ)LJ%*DQG)LJ6 WRJHWKHUZLWK WKH VLQJOHFKDQQHO
GDWD )LJ &) VXJJHVW WKDW L DW VDWXUDWLQJ 3,3 OHYHOV LQWUDFHOOXODU ]LQF FDQ QR ORQJHU LQFUHDVH
FKDQQHODFWLYLW\ LL WKH ORZHU WKH OHYHORIFKDQQHOVDWXUDWLRQZLWK3,3 WKHKLJKHU LV WKHDXJPHQWLQJ
HIIHFW RI ]LQF LLL HYHQ ZKHQ 3,3 VDWXUDWLRQ LV EHORZ WKH WKUHVKROG IRU FKDQQHO DFWLYDWLRQ HJ LQ
LQVLGHRXWSDWFKHV.&14FKDQQHOVFDQVWLOOEHDFWLYDWHGE\]LQF


)LQDOO\ZHDVNHGKRZSUHVHQFHRI LQWUDFHOOXODU]LQFDIIHFWV.&14FKDQQHOVHQVLWLYLW\ WRDFXWH
3,3 GHSOHWLRQ DQG UHFRYHU\ :H XWLOL]HG WKH YROWDJH VHQVLWLYH SKRVSKDWDVH IURP &LRQD LQWHVWLQDOLV
FL963 7KLV HQ]\PH LV DFWLYDWHG E\ VWURQJ GHSRODUL]DWLRQ ZKHQ RYHUH[SUHVVHG LW LV FDSDEOH WR
UREXVWO\GHSOHWHPHPEUDQH3,3DQGDOPRVWFRPSOHWHO\ LQKLELW.&14FKDQQHODFWLYLW\ 
:HRYHUH[SUHVVHGFL963ZLWKHLWKHU.&14RUZLWK.&14FRQFDWHPHULQ&+2FHOOVDQGUHFRUGHG
FXUUHQWVGXULQJWKHFL963DFWLYDWLRQ&HOOVZHUHKHOGDWP9DQGWKUHHVWHSSXOVHV)LJ$ZHUH
DSSOLHG LVVWHSWRP9FORVHWRWKHWKUHVKROGIRUFL963DFWLYDWLRQEXWQHDU WKHKDOI
PD[LPDOYROWDJHIRU.&14FKDQQHODFWLYDWLRQLLVVWHSIURPP9WRP9FORVHWRWKH
VDWXUDWLQJYROWDJHIRUFL963LLLVVWHSIURPP9WRP9$WWKHHQGRIWKHSURWRFRO
YROWDJHZDVUHWXUQHGWRWKHKROGLQJSRWHQWLDO,QWKHFRQWUROFRQGLWLRQVGXULQJVWHSL.&14FKDQQHOV
DUHDFWLYDWHGGXULQJVWHSLL.&14FKDQQHOFXUUHQWLVILUVWLQFUHDVHGGXHWRWKHLQFUHDVHGGULYLQJIRUFH
EXWWKHQEHJLQWRGHFOLQHGXHWRWKHFL963DFWLYDWLRQDQG3,3GHSOHWLRQ$WWKHEHJLQQLQJRIVWHSLLL
3,3LVGHSOHWHGDQG.&14FKDQQHOVDUHLQKLELWHGEXWEHFDXVHRIWKHFL963GHDFWLYDWLRQDQG3,3UH
V\QWKHVLV DW WKH HQGRI WKLV VWHS.&14DFWLYLW\ UHFRYHUV )LJ $%&' EODFN WUDFHV 6LQFH
VWHSVLDQGLLLDUHUHFRUGHGDWWKHVDPHYROWDJHP9WKHGLIIHUHQFHEHWZHHQFXUUHQWDPSOLWXGHVDW
WKH HQG RI VWHS L DQG WKH EHJLQQLQJ RI VWHS LLL UHSUHVHQWV .&14 FXUUHQW LQKLELWLRQ E\ WKH FL963
LQGXFHG3,3GHSOHWLRQZKLOH WKHGLIIHUHQFHEHWZHHQDPSOLWXGHV DW WKHHQGRI VWHS L DQG WKHHQGRI
VWHS LLL UHSUHVHQWV FXUUHQW UHFRYHU\ GXH WR 3,3 UHV\QWKHVLV  ,Q DFFRUG ZLWK SUHYLRXV ILQGLQJV
FL963DFWLYDWLRQLQGXFHGLQKLELWLRQRIERWK.&14)LJ$%DQG.&14)LJ&'
DQGLQERWKFDVHVFXUUHQWFRPSOHWHO\UHFRYHUHGDWWKHHQGRIWKHVWHSLLL$SSOLFDWLRQRIHLWKHU=Q3\RU
3'7&FRPSOHWHO\DEROLVKHG3,3GHSHQGHQWLQKLELWLRQRIERWK.&14FKDQQHOV)LJ$%&'
UHGWUDFHV$SSOLFDWLRQRI73(1DIWHUDQGLQWKHSUHVHQFHRI=Q3\UHFRYHUHGWKHDELOLW\RIFL963WR
LQKLELW.&14FKDQQHO)LJ$$


,Q RUGHU WR WHVW LI ]LQF LQKLELWV FL963 LWVHOI ZH XVHG DQ RSWLFDO PHWKRG RI PHDVXULQJ FL963
DFWLYLW\LQZKLFKZHFRH[SUHVVHGWKHHQ]\PHLQ&+2FHOOVWRJHWKHUZLWK.&14DQGWKHRSWLFDO3,3
UHSRUWHU3/&G3+*)3DQGPHDVXUHGLWVWUDQVORFDWLRQIURPPHPEUDQHWRF\WRVROLQUHVSRQVHWR
GHSRODUL]DWLRQE\H[WUDFHOOXODUVROXWLRQFRQWDLQLQJP0.&OLQVWHDGRI1D&O,QWUDFHOOXODU.
FRQFHQWUDWLRQLQ&+2FHOOVLVaP0WKXVVXFKPDQHXYHUGHSRODUL]HGPHPEUDQHSRWHQWLDOWR
a P9 ZKLFK LV VXIILFLHQW WR WULJJHU PHDVXUDEOH FL963 DFWLYDWLRQ   $FFRUGLQJO\ FRQIRFDO
LPDJLQJ RI WKH SODVPD PHPEUDQH 3,3 ODEHOOHG E\ 3/&G3+*)3 UHYHDOHG FOHDU DQG UHYHUVLEOH
GHSRODUL]DWLRQLQGXFHG 3,3 GHSOHWLRQ PDQLIHVWHG LQ 3/&G3+*)3 WUDQVORFDWLRQ DQG DQ LQFUHDVH LQ
F\WRVROLF IOXRUHVFHQFH DQG FRQFRPLWDQW GHFUHDVH LQ PHPEUDQH IOXRUHVFHQFH )LJ ( 7KLV
WUDQVORFDWLRQ ZDV QRW DIIHFWHG E\ H[WUDFHOOXODU DSSOLFDWLRQ RI =Q3\ VXJJHVWLQJ WKDW ]LQF GRHV QRW
VLJQLILFDQWO\DIIHFWFL963DFWLYLW\
0XVFDULQLF LQKLELWLRQ RI .&14 FKDQQHOV LV PHGLDWHG E\ *TLQGXFHG DFWLYDWLRQ RI
SKRVSKROLSDVH&3/&YLDGHSOHWLRQRI3,3$GGLWLRQDOO\LQRVLWROWULVSKRVSKDWHGHSHQGHQW&D
WUDQVLHQWV PHGLDWHG E\ FDOPRGXOLQ DQG GLDF\OJO\FHUROGHSHQGHQW SURWHLQ NLQDVH & 3.&
SKRVSKRU\ODWLRQDUHDOVRWKRXJKWWRFRQWULEXWHWRPXVFDULQLF.&14FKDQQHOLQKLELWLRQ%RWKRIWKHVH
DGGLWLRQDOPHFKDQLVPVDUHWKRXJKWWRZRUNE\GHFUHDVLQJFKDQQHO3,3DIILQLW\UHYLHZHGLQ7KXV
LILQWUDFHOOXODU]LQFUHGXFHVFKDQQHOGHSHQGHQFHRQ3,3 LWZRXOGEHH[SHFWHGWKDWLQWKHSUHVHQFHRI
]LQF PXVFDULQLF LQKLELWLRQ RI .&14 FKDQQHOV ZLOO EH UHGXFHG RU DEROLVKHG ,QGHHG LQ &+2 FHOOV
RYHUH[SUHVVLQJ.&14DQG0PXVFDULQLF UHFHSWRUSUHDSSOLFDWLRQRI=Q3\UHGXFHG.&14FXUUHQW
LQKLELWLRQE\0VSHFLILFDJRQLVWR[RWUHPRULQH02[R0IURPQ WRQ S
)LJ6
 


'LVFXVVLRQ
7KHPDMRUILQGLQJVRIWKLVVWXG\DUHWKHIROORZLQJL,QWUDFHOOXODU]LQFVWURQJO\SRWHQWLDWHVQDWLYH
DQGUHFRPELQDQW.&14FKDQQHODFWLYLW\LL$Q\]LQFLRQRSKRUHLVDSRWHQWLDO.&14FKDQQHORSHQHU
LLL =LQF UHYHUVLEO\ UHGXFHV RU SHUKDSV HYHQ DEROLVKHV .&14 FKDQQHO UHTXLUHPHQW IRU 3,3 LY
0HFKDQLVWLFDOO\ WKH ]LQF HIIHFW LV GLVWLQFW IURP WKH NQRZQ UHGR[GHSHQGHQW .&14 FKDQQHO
SRWHQWLDWLRQDOVRWKHHIIHFWFDQQRWEHDWWULEXWHGWRDKLVWLGLQHRUF\VWHLQHFRQWDLQLQJELQGLQJVLWH
6HYHUDOOLQHVRIHYLGHQFHLQGLFDWHWKDW]LQFVWURQJO\UHGXFHV.&14FKDQQHOUHTXLUHPHQWIRU3,3
7KXV L XQLWDU\ .&14 FKDQQHO DFWLYLW\ TXLFNO\ UXQV GRZQ XSRQ SDWFK H[FLVLRQ GXH WR 3,3
GHSOHWLRQ\HWDGGLWLRQRIIUHH]LQFWRWKHLQWUDFHOOXODUVLGHRIWKHPHPEUDQHPD[LPL]HVFKDQQHO
DFWLYLW\ )LJ&) LL.&14 LV LQVHQVLWLYH WR]LQF LRQRSKRUHV )LJ%*  WKLVFKDQQHOKDV
KLJKHVW DSSDUHQWDIILQLW\ IRU3,3 LQ WKH.&14IDPLO\ DQG LWV WRQLF3RPD[DW VDWXUDWLQJYROWDJHV LV
FORVH WR XQLW\ SUHVXPDEO\ GXH WR VDWXUDWLRQ ZLWK 3,3  5HPRYDO RI &WHUPLQDO 3,3 LQWHUDFWLQJ
UHVLGXHVUHVXOWHG LQDFKDQQHOZLWKPXFK ORZHU WRQLFDFWLYLW\ZKLFKFDQEHµUHVFXHG¶E\ LQWUDFHOOXODU
]LQF)LJ%*LLL6LPLODUO\HIILFDF\RI=Q3\WRDXJPHQW.&14FXUUHQWLVKLJKHUIRUWKHPXWDQW
ZLWK UHGXFHG 3,3 DIILQLW\ LY (OHYDWLRQ RI WRQLF 3,3 OHYHOV E\ RYHUH[SUHVVLRQ RI 3,NLQDVH
UHGXFHG.&14FKDQQHOVHQVLWLYLW\WR]LQFY)LQDOO\DFXWH3,3GHSOHWLRQE\FL963RU0UHFHSWRU
DFWLYDWLRQVKDUSO\LQKLELWV.&14DQG.&14FXUUHQWVEXWWKLVLQKLELWLRQLVDEROLVKHGE\]LQF)LJ
$' )LJ 6 ,W DSSHDUV WKDW ]LQF FDQ FRPSHQVDWH IRU WKH FKDQQHO¶VGHVDWXUDWLRQZLWK 3,3 GXH WR
HLWKHU DFXWH 3,3 GHSOHWLRQ RU UHGXFWLRQ LQ 3,3 DIILQLW\ 2Q WKH RWKHU KDQG WKH PRUH VDWXUDWHG D
FKDQQHOSURWHLQLVZLWK3,3WKHORZHULV]LQFHIILFDF\
+RZ PLJKW ]LQF LQWHUDFW ZLWK .&14 FKDQQHOV DQG VR GUDPDWLFDOO\ DIIHFW FKDQQHO3,3
LQWHUDFWLRQ LV WKHUH D XQLTXH ]LQF ELQGLQJ VLWH" ,W LV ZRUWK QRWLQJ WKDW LQWHUDFWLRQ EHWZHHQ .&14
FKDQQHOV DQG 3,3 FDQQRW EH SLQSRLQWHG WR D XQLTXH ORFDOL]HG ELQGLQJ VLWH ,QVWHDG WKH FKDQQHO
DSSHDUV WR IRUP D EURDG 3,3LQWHUDFWLQJ LQWHUIDFH ZKHUHE\ EDVLF UHVLGXHV VSUHDG DORQJ DOO PDLQ


F\WRVROLF GRPDLQV RI D FKDQQHO SDUWLFLSDWH LQ HOHFWURVWDWLF LQWHUDFWLRQV ZLWK WKH QHJDWLYHO\ FKDUJHG
KHDGJURXSSKRVSKDWHVRI3,37KXVEDVLFUHVLGXHVLQWKH66OLQNHU66OLQNHU
6SUR[LPDO &WHUPLQXV OLQNHU   &WHUPLQDO $% KHOL[ OLQNHU  DQG GLVWDO &WHUPLQXV 
ZHUH LGHQWLILHG DQG FKDUJH QHXWUDOLVDWLRQ PXWDWLRQV ZLWKLQ PRVW RI WKHVH VLWHV UHVXOWHG LQ UHGXFHG
DSSDUHQW3,3DIILQLW\DQGUHGXFHGWRQLFFKDQQHODFWLYLW\UHYLHZHGLQ$QRWKHULPSRUWDQWSRLQWLV
WKDWQRWRQO\3,3EXWRWKHUSKRVSKRLQRVLWLGHVVXFKDV3,33,33,3DQGHYHQRWKHU
SKRVSKROLSLGV VXFK DV O\VRSKRVSKDWLGLF DFLG DQG VSKLQJRVLQHSKRVSKDWH  FDQ DFWLYDWH .&14
FKDQQHOV8QGHUQRUPDOSK\VLRORJLFDOFLUFXPVWDQFHVWKHVHLQWHUDFWLRQVDUHWKRXJKWQRWWRDIIHFW.&14
FKDQQHODFWLYLW\VLJQLILFDQWO\GXHWRWKHORZSODVPDPHPEUDQHDEXQGDQFHRIWKHVHRWKHUOLSLGVUHODWLYH
WRWKDWRI3,3+RZHYHUVKRXOGWKHDIILQLW\RIFKDQQHOOLSLGLQWHUDFWLRQLQFUHDVHWKHVHPLQRU
SKRVSKROLSLGVPD\PRYHLQWRSOD\2QHH[SODQDWLRQIRUWKHDFWLYDWLQJHIIHFWRI]LQFFRXOGWKHUHIRUHEH
WKDW LW VHUYHV DV HOHFWURVWDWLF µJOXH¶ WKDW VWDELOL]HV LQWHUDFWLRQ RI WKH .&14 FKDQQHO¶V SKRVSKROLSLG
LQWHUIDFH ZLWK LQQHU OHDIOHW RI WKH SODVPD PHPEUDQH )LJ  3HUKDSV E\ LQWHUDFWLQJ ZLWK WKH
QHJDWLYHO\FKDUJHG DPLQRDFLG UHVLGXHV ZLWKLQ WKH FKDQQHOPHPEUDQH LQWHUIDFH ]LQF LRQV VWUHQJWKHQ
WKH LQWHUDFWLRQV RI WKH SRVLWLYHO\FKDUJHG DPLQRDFLGV ZLWK QHJDWLYHO\FKDUJHG KHDGJURXSV RI
SKRVSKROLSLGV7KLVPD\HLWKHUUHGXFHWKHFKDQQHO¶VVHOHFWLYLW\WRZDUGVSKRVSKROLSLGVVXFKWKDWRWKHU
QHJDWLYHO\ FKDUJHG OLSLGV PD\ EHFRPH FDSDEOH WR VXEVWLWXWH IRU 3,3 DQFKRULQJ RU GUDPDWLFDOO\
LQFUHDVHLWVDSSDUHQWDIILQLW\IRU3,3RUKDYHDFRPELQDWLRQRIWKHDERYHHIIHFWVUHVXOWLQJLQVWDELOL]LQJ
FKDQQHORSHQLQJ
,QWHUHVWLQJO\ PDJQHVLXP KDV EHHQ VKRZQ WR GHFUHDVH .&14 FKDQQHO DFWLYLW\ SUHVXPDEO\ E\
VKLHOGLQJ3,3DQGZHDNHQLQJ.&14FKDQQHO3,3LQWHUDFWLRQ,WLVXQFOHDUZK\WKHHIIHFWVRI]LQF
DQG PDJQHVLXP RQ .&14 FKDQQHO DFWLYLW\ DUH VR GLIIHUHQW RQH FRQVLGHUDWLRQ WKRXJK LV WKDW DV D
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 VWURQJO\
DXJPHQWHG .&14 FXUUHQWV )LJ  :H DOVR VKRZ WKDW DOO WKH LRQRSKRUHV WHVWHG SURGXFHG VWURQJ
LQWUDFHOOXODU]LQFDFFXPXODWLRQ)LJ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ZH
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IUHH LQWUDFHOOXODU ]LQF KDV EHHQ GHOLYHUHG LQ VXFK D ZD\ 2XU H[SHULPHQWV GHPRQVWUDWHG WKDW GLUHFW
DSSOLFDWLRQRI=Q&OWRWKHLQWUDFHOOXODUVLGHRIWKHH[FLVHGSDWFK)LJ&)RUE\WKHGLDO\VLVWKURXJK
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ZLWKS\ULWKLRQHZLWKORZDIILQLW\EXWWKHDIILQLW\LVLQFUHDVHGZKHQS\ULWKLRQHLVLQFRPSOH[ZLWK]LQF
,QRXUH[SHULPHQWV1D3\SURGXFHGDVLJQLILFDQWLQFUHDVHRI.&14FXUUHQWEXWLPSRUWDQWO\DOVR
HOHYDWHGLQWUDFHOOXODU]LQFDOWKRXJKERWKHIIHFWVZHUHPXFKOHVVSURQRXQFHGDVFRPSDUHGZLWK=Q3\
7KLVGLIIHUHQFHPD\DULVHIURPORZHULQWUDFHOOXODU]LQFVWRUHORDGRIFHOOVXVHGLQWKHSUHYLRXVVWXG\
=LQF LV LQFUHDVLQJO\ UHFRJQL]HG DV XELTXLWRXV VHFRQG PHVVHQJHU SHUKDSV FRPSDUDEOH LQ WKLV
UHJDUGWRFDOFLXP&\WRVROLFIUHH]LQFOHYHOVDWUHVWDUHWRRORZWRDIIHFW.&14FKDQQHODFWLYLW\
 Q0  WKLV LV D OLNHO\ H[SODQDWLRQ IRU WKH IDFW WKDW ZKLOH 73(1 UHYHUVHG .&14 FXUUHQW
DXJPHQWDWLRQE\H[RJHQRXV]LQFLWUDUHO\UHGXFHGWKHDPSOLWXGHRI.&14FKDQQHOVRYHUH[SUHVVHGLQ
QRQH[FLWDEOH&+2FHOOVEHORZWKHEDVHOLQH<HW LQ WKH V\QDSWLFYHVLFOHVRIQHXURQV]LQFFDQUHDFK
PLOOLPRODU OHYHOV  DQRWKHU UHOHDVDEOH SRRO RI ]LQF LV ERXQG WR LQWUDFHOOXODU SURWHLQV VXFK DV
PHWDOORWKLRQHLQV 9HVLFXODU]LQF LV UHOHDVHGGXULQJV\QDSWLF WUDQVPLVVLRQDQG ORDGVSRVWV\QDSWLF
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WHUPLQDOVWKURXJK]LQFSHUPHDEOHFKDQQHOV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=LQFFDQDOVREHUHOHDVHGIURPF\WRVROLF
EXIIHUV LQ UHVSRQVH WR DFLGLILFDWLRQ  REVHUYHG LQ K\SR[LF FRQGLWLRQV ,Q D UHFHQW VWXG\ )OXR=LQ
]LQFLPDJLQJUHYHDOHGODUJHLQWUDFHOOXODU]LQFWUDQVLHQWVFRPSDUDEOHWRULVHVUHFRUGHGLQWKLVVWXG\LQ
UHVSRQVHWR]LQFLRQRSKRUHVLQKLSSRFDPSDOS\UDPLGDOQHXURQVLQUHVSRQVHWRR[LGDWLYHVWUHVV,W
LV WKHUHIRUH FRQFHLYDEOH WKDW DXJPHQWDWLRQ RI .&14 FKDQQHO DFWLYLW\ E\ SRVWV\QDSWLF ]LQF
DFFXPXODWLRQ FRXOG FRQVWLWXWH D VWUDWHJ\ WR VXUYLYH H[FLWRWR[LFLW\ SURGXFHG E\ LVFKHPLD RU RWKHU
FRQGLWLRQVOLQNHGWRRYHUH[FLWDELOLW\VXFKDVHSLOHSWLFVHL]XUHV$VWURQJSURWHFWLYHUROHRI0FKDQQHOV
LQLVFKHPLFEUDLQLQMXU\DQGVWURNHKDVEHHQGHPRQVWUDWHG,PSRUWDQWO\VLQFH]LQFPDNHV.&14
FKDQQHOVYLUWXDOO\LQVHQVLWLYH WR*T UHFHSWRU LQKLELWLRQSRVWV\QDSWLF]LQFHOHYDWLRQVFRXOGPDLQWDLQ
0FKDQQHODFWLYLW\LQWKHIDFHRIHQKDQFHGQHXURWUDQVPLWWHUUHOHDVH)XUWKHUUHVHDUFKLVUHTXLUHGWRWHVW
WKHVHLQWULJXLQJK\SRWKHVHV
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7H[DV 86$ 7\SH D 3,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LQP0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ZHUHDQDO\]HGXVLQJ)LW0DVWHU
VRIWZDUH+(.$,QVWUXPHQWV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/HLFD63IOXRUHVFHQFHLPDJLQJV\VWHPDVVHPEOHGRQD/HLFD'0,PLFURVFRSHDQG LOOXPLQDWHG
ZLWK  QP OLJKW IRU PV  +] ZLWK D  V LQWHUYDO ,Q FRQIRFDO 3,3 LPDJLQJ H[SHULPHQWV
+(.FHOOVWUDQVIHFWHGZLWK3/&G3+*)3DQG.&14ZHUHLOOXPLQDWHGXVLQJ1LNRQ$FRQIRFDO
PLFURVFRSHZLWKDQPDUJRQODVHU,PDJHVZHUHFROOHFWHGRQDQHOHFWURQPXOWLSO\LQJ&&'FDPHUD
'4&)61LNRQXVLQJ1,6(OHPHQWVLPDJLQJVRIWZDUH1LNRQZKLFKZDVDOVRXVHGIRUDQDO\VLV


6WDWLVWLFV $OO GDWD DUH JLYHQ DV PHDQ6(0 'LIIHUHQFHV EHWZHHQ JURXSV ZHUH DVVHVVHG E\
6WXGHQW¶V W WHVW SDLUHGRUXQSDLUHGDVDSSURSULDWHRURQHZD\$129$ZLWK%RQIHUURQLFRUUHFWLRQ
7KHGLIIHUHQFHVZHUHFRQVLGHUHGVLJQLILFDQWDWS

$FNQRZOHGJPHQWV :H WKDQN (ZD -DZRUVND DQG +RQJFKDR 0HQ IRU WHFKQLFDO DVVLVWDQFH 'U
&U\VWDO $UFKHU IRU KHOS ZLWK WKH 3,3 ELQGLQJ VLWH QHXWUDOL]DWLRQ DQG 'U $OH[DQGUH 9DNXURY IRU
YDOXDEOH DGYLFH RQ ]LQF FKHPLVWU\ 7KLV ZRUN ZDV VXSSRUWHG E\ WKH 05& JUDQW 05. WR
&3 DQG 1* 1DWLRQDO 1DWXUDO 6FLHQFH )RXQGDWLRQ RI &KLQD JUDQW  WR +* DQG +HEHL
3URYLQFH'HSDUWPHQWRI(GXFDWLRQWRJUDQW%-WR'<
 


)LJXUHOHJHQGV
)LJXUH  =LQF LRQRSKRUHV SRWHQWLDWH .&14 $( )OXRUHVFHQFH LPDJLQJ RI &+2 FHOOV
ORDGHG ZLWK ]LQF IOXRURSKRUH )OXR=LQ70$0 ([DPSOH WLPH FRXUVH RI FKDQJHV LQ )OXR=LQ
IOXRUHVFHQFHGXULQJDSSOLFDWLRQRI$]LQFS\ULWKLRQH=Q3\P0%S\UUROLGLQHGLWKLRFDUEDPDWH
3'7&P0&]LQFGLHWK\OGLWKLRFDUEDPDWH=Q'('7&P0'WHWUDEXW\OWKLXUDPGLVXOILGH
]LQF LRQRSKRUH ,P0 ('LLRGRK\GUR[\TXLQROLQH ',4P03'7&',4DQG]LQF
LRQRSKRUH,ZHUHVXSSOHPHQWHGP0=Q&O$WWKHHQGRIHDFKUHFRUGLQJ]LQFFKHODWRU111¶1¶
WHWUDNLV S\ULG\OPHWK\O HW\OHQHGLDPLQHSHQWDHWK\OHQH 73(1  P0 ZDV DGGHG VWLOO LQ WKH
SUHVHQFH RI DSSURSULDWH LRQRSKRUH ,Q WKHVH DQG DOO RWKHU WLPHFRXUVH SORWV SHULRGV RI GUXJ
DSSOLFDWLRQVDUHLQGLFDWHGZLWKWKHJUH\VKDGLQJ)6XPPDU\RIWKHH[SHULPHQWVSUHVHQWHGLQ$(
QXPEHU RI FHOOV LV LQGLFDWHG ZLWKLQ WKH EDUV DVWHULVNV LQGLFDWH VLJQLILFDQW GLIIHUHQFH IURP WKH EDVDO
IOXRUHVFHQFH ZLWK S SDLUHG WWHVW *. 3HUIRUDWHG SDWFK FODPS UHFRUGLQJV IURP WKH
.&14WUDQVIHFWHG&+2FHOOVVKRZLQJWKHWLPHFRXUVHVIRUHIIHFWVRI]LQFLRQRSKRUHVDQG73(1DV
ODEHOOHGDSSOLHGDV LQSDQHOV$(RQWKH.&14FXUUHQWDPSOLWXGH$WWKHHQGRIHDFKUHFRUGLQJD
VSHFLILF.&14FKDQQHOLQKLELWRU;(P0ZDVDSSOLHG([DPSOHFXUUHQWWUDFHVDUHVKRZQRQ
WKHULJKWYROWDJHSURWRFROLVJLYHQLQWKHWRSLQVHWLQ*/6XPPDU\RIWKHH[SHULPHQWVSUHVHQWHGLQ
*.QXPEHURIFHOOV LV LQGLFDWHGZLWKLQ WKHEDUVDVWHULVNV LQGLFDWHVLJQLILFDQWGLIIHUHQFHIURP WKH
EDVDOIOXRUHVFHQFHZLWKSSDLUHGWWHVW
)LJXUH  (IIHFW RI LQWUDFHOOXODU ]LQF RQ .&14 FKDQQHOV $ 3HUIRUDWHG SDWFK FODPS
UHFRUGLQJV IURP WKH &+2 FHOOV WUDQVIHFWHG ZLWK WKH .&14 FRQFDWHPHU VKRZLQJ WKH HIIHFWV RI
'('7&  P0 73(1  P0 DQG ;(  P0 DV ODEHOOHG RQ WKH 0 FXUUHQW DPSOLWXGH
([DPSOH FXUUHQW WUDFHV DUH VKRZQ RQ WKH ULJKW % 6XPPDU\ RI WKH HIIHFWV RI =Q3\ 3'7& DQG
'('7&RQ.&14FXUUHQWVUHFRUGLQJVZHUHPDGHDVLQ)LJ*.DQG)LJ$1XPEHURIFHOOV
LV LQGLFDWHGZLWKLQ WKHEDUVDVWHULVNV LQGLFDWHVLJQLILFDQWGLIIHUHQFHIURPWKHEDVHOLQHZLWKS


SDLUHGWWHVW&&XUUHQWUHFRUGVIURPDSDWFKRI&+2FHOOPHPEUDQHFRQWDLQLQJDVLQJOH.&14
FKDQQHO LQ FHOODWWDFKHG PRGH ZLWK YDULRXV FRQFHQWUDWLRQV RI =Q&O LQ WKH µF\WRVROLF¶ EDWK VROXWLRQ
'(DFKVVZHHSGXULQJWKHH[SHULPHQWZDVDQDO\]HGIRUFKDQQHORSHQSUREDELOLW\ 3RDQG WKH
WLPH FRXUVH RI WKH 3R GXULQJ WKH H[SHULPHQW LV SORWWHG ( $OOSRLQW DPSOLWXGH KLVWRJUDPV IRU WKH
VZHHSVVKRZQRQWKHSDQHO&)6XPPDU\RIWKHHIIHFWRILQWUDFHOOXODU=Q&OP0RQWKH
.&14FKDQQHORSHQSUREDELOLW\3R1XPEHURIUHFRUGLQJVLVLQGLFDWHGZLWKLQWKHEDUVDVWHULVNV
LQGLFDWHVLJQLILFDQWGLIIHUHQFHIURPWKHFRQWUROZLWKSSDLUHGWWHVW
)LJXUH(IIHFWRILQWUDFHOOXODU]LQFRQWKHHQGRJHQRXV0FXUUHQWLQGRUVDOURRWJDQJOLRQ
'5*QHXURQV$7LPHFRXUVHRIWKHHIIHFWRI=Q3\P073(1P0DQG;(P0
RQWKH0OLNH.FXUUHQWUHFRUGHGIURPWKHVPDOOGLDPHWHUFXOWXUHGUDW'5*QHXURQ([DPSOHFXUUHQW
WUDFHVDUHVKRZQRQWKHULJKWYROWDJHSURWRFROLVGHSLFWHGEHORZWKHWUDFHVVXPPDU\LVJLYHQLQ%
&)OXRUHVFHQFHLPDJLQJRI'5*FXOWXUHVORDGHGZLWK]LQFIOXRURSKRUH)OXR=LQ70$06KRZQLV
WKHH[DPSOHWLPHFRXUVHRIFKDQJHVLQ)OXR=LQIOXRUHVFHQFHGXULQJDSSOLFDWLRQRI=Q3\P0DQG
73(1P0([DPSOH IOXRUHVFHQFH PLFURJUDSKV DUH VKRZQ LQ WKH LQVHW RQ WKH ULJKW VXPPDU\ LV
JLYHQLQ'1XPEHURIUHFRUGLQJVLVLQGLFDWHGZLWKLQWKHEDUVDVWHULVNVLQGLFDWHVLJQLILFDQWGLIIHUHQFH
IURPWKHEDVHOLQHZLWKSRUSSDLUHGWWHVW(([DPSOHWLPHFRXUVHVRIFKDQJHVLQ0
OLNH FXUUHQW DPSOLWXGH LQ '5* QHXURQV XSRQ EUHDNLQJ LQWR ZKROHFHOO FRQILJXUDWLRQ ZLWK SLSHWWH
VROXWLRQ FRQWDLQLQJ QR DGGHG ]LQF &D RU GLYDOHQW FDWLRQ EXIIHUV &RQWURO RU WKH VDPH VROXWLRQ
VXSSOHPHQWHG ZLWK  P0 =Q&O VXPPDU\ LV JLYHQ LQ ( ,Q EDU FKDUWV QXPEHU RI UHFRUGLQJV LV
LQGLFDWHG ZLWKLQ WKH EDUV $VWHULVNV LQGLFDWH VLJQLILFDQW GLIIHUHQFH IURP WKH FRQWURO ZLWK S
SRUSSDLUHGRUXQSDLUHGWWHVW
)LJXUH  0HFKDQLVP RI .&14 FKDQQHO SRWHQWLDWLRQ E\ ]LQF LV GLVWLQFW IRUP WKH UHGR[
GHSHQGHQWPRGXODWLRQ$%3HUIRUDWHGSDWFKFODPSUHFRUGLQJVIURPWKH.&14WUDQVIHFWHG&+2
FHOOV .&14 FXUUHQW DXJPHQWDWLRQ E\ DVFRUEDWH $VF  P0 ZDV UHYHUVHG E\ WKH UHGXFLQJ DJHQW


GLWKLRWKUHLWRO'77P0$EXWQRWE\P073(1%([DPSOHFXUUHQWWUDFHVDUHVKRZQLQWKH
LQVHWV&'([SHULPHQWVDQGDQDO\VLVVLPLODUWRWKHVHVKRZQLQ$&EXW=Q3\P0ZDVDSSOLHG
LQVWHDGRIDVFRUEDWH,QWKLVFDVHWKH.&14DXJPHQWDWLRQZDVUHYHUVHGE\73(1EXWQRW'77()
(IIHFWRIDVFRUEDWH(EXWQRW=Q3\)LVDEROLVKHGLQ.&14FKDQQHOZLWK&WR$VXEVWLWXWLRQVDW
WKH SRVLWLRQV   DQG  * + DQG , VXPPDUL]H WKH DVFRUEDWH * DQG =Q3\ +
H[SHULPHQWVRQZW.&14DQGWKHH[SHULPHQWVRQWKH.&14&$1XPEHURIUHFRUGLQJVLV
LQGLFDWHGZLWKLQWKHEDUV$VWHULVNVLQ*+GHQRWHVLJQLILFDQWGLIIHUHQFHIURPWKHJURXSLQGLFDWHG
E\ WKH OLQH FRQQHFWRU ZLWK S RU S SDLUHG WWHVW 6\PEROV LQ , LQGLFDWH VLJQLILFDQW
GLIIHUHQFHIURPHLWKHUFRQWUROSSDLUHG WWHVWRUIURPFXUUHQWDPSOLWXGHLQWKHSUHVHQFHRI
=Q3\SSDLUHGWWHVW
)LJXUH ,QWUDFHOOXODU ]LQFDIIHFWV .&14FKDQQHO LQWHUDFWLRQ ZLWK3,3 $6XPPDU\RI
WKH=Q3\LQGXFHGFXUUHQWDXJPHQWDWLRQQRUPDOL]HGWREDVHOLQHIRUVLQJOH&WR$DQG+WR$.&14
PXWDQWV DV ZHOO DV IRU WKH &$ WULSOH PXWDQW DQG +$ TXDGUXSOH PXWDQW
H[SUHVVHGLQ&+2FHOOV6FKHPDWLFGHSLFWLRQRIVXEVWLWXWLRQVLVVKRZQLQWKHLQVHW$VWHULVNVLQGLFDWH
VLJQLILFDQW GLIIHUHQFH IURP ZW.&14 S RQHZD\ $129$ ZLWK %RQIHUURQL FRUUHFWLRQ
%*&RPSDULVRQRIWKHHIIHFWVRIP0=Q3\FHDQGP03'7&IKRQWKHDPSOLWXGHRIWKH
.&14$7.&147 %( RU.&147ZLWK WKH&WHUPLQDO3,3LQWHUDFWLQJ VLWHVQHXWUDOL]HG
GHOHWLRQRI$%OLQNHUSRVLWRQVDQG5$DQG+&VXEVWLWXWLRQV.&147'3,3&WHUP
& ) ' DQG * VXPPDUL]H WKH HIIHFWV 1XPEHU RI H[SHULPHQWV LV LQGLFDWHG ZLWKLQ WKH EDUV
$VWHULVNVLQGLFDWHVLJQLILFDQWGLIIHUHQFHIURPFRQWUROSSDLUHGWWHVW
)LJXUH  ,QWUDFHOOXODU ]LQF DEROLVKHV .&14 FKDQQHO LQKLELWLRQ E\ WKH YROWDJHVHQVLWLYH
SKRVSKDWDVHFL963$%(IIHFWVRIP0=Q3\$DQGP03'7&%RQWKHFL963LQGXFHG
LQKLELWLRQRI.&14FRQFDWHPHUVLQ&+2FHOOV([DPSOHFXUUHQWWUDFHVDUHVKRZQLQ$DQG%
YROWDJHSURWRFRO LVJLYHQLQWKHLQVHWDERYHWUDFHVLQ$$VKRZVDWLPHFRXUVHRIWKHHIIHFWVRI


=Q3\DQGUHFRYHU\E\73(1RQWKHFL963LQGXFHGLQKLELWLRQRI.&14VDPHH[SHULPHQWDVWKDW
VKRZQLQ$$DQG%VXPPDUL]HWKHHIIHFWRI]LQFLRQRSKRUHVRQWKHFL963LQGXFHG.&14
FXUUHQWLQKLELWLRQ$DQG%VXPPDUL]HWKHUHFRYHU\IURPWKHFL963LQGXFHGLQKLELWLRQLQHLWKHU
WKH FRQWURO FRQGLWLRQV RU LQ WKH SUHVHQFH RI WKH LRQRSKRUH DV LQGLFDWHG 1XPEHU RI H[SHULPHQWV LV
LQGLFDWHGZLWKLQ WKHEDUV$VWHULVNV DQGQXPEHU V\PEROV LQGLFDWH VLJQLILFDQWGLIIHUHQFH IURPFRQWURO
DQG=Q3\UHVSHFWLYHO\SSDLUHGWWHVW&'DUHVLPLODUWR$%EXW.&14ZDVWHVWHG(
6KRZV FRQIRFDO LPDJLQJ RI WKH HIIHFW RI FL963 DFWLYDWLRQ E\ GHSRODUL]DWLRQ  P0 H[WUDFHOOXODU
.&O ZLWK RU ZLWKRXW P0 =Q3\ DV LQGLFDWHG RQ WKH PHPEUDQH ORFDOL]DWLRQ RI WKH RSWLFDO 3,3
UHSRUWHU3/&G3+*)3([DPSOHWLPHFRXUVHLVVKRZQLQ(LPDJHVWDNHQDWWKHWLPHVLQGLFDWHGE\
WKH OHWWHUV LQ ( DUH VKRZQ LQ ( FRUUHVSRQGLQJ LQWHQVLW\ OLQHVFDQV DW D SRVLWLRQ LQGLFDWHG E\
GRWWHGUHGOLQHLQ(DDUHVKRZQEHORZWKHLPDJHV6XPPDU\RIWKHFKDQJHVLQF\WRVROLFIOXRUHVFHQFH
LQWHQVLW\ LV VKRZQ LQ ( QXPEHU RI H[SHULPHQWV LV LQGLFDWHG ZLWKLQ WKH EDUV $VWHULVNV LQGLFDWH
VLJQLILFDQWGLIIHUHQFHIURPFRQWUROSUHSHDWHGPHDVXUHV$129$
)LJXUH+\SRWKHVLVIRUWKH.&14FKDQQHOVWDELOL]DWLRQE\WKH3,3DQGLQWUDFHOOXODU]LQF
3DQHO $ VKRZV DQ DFWLYH FKDQQHO LQ WKH SUHVHQFH RI VDWXUDWLQJ 3,3 FRQFHQWUDWLRQ % VKRZV D
FKDQQHOLQKLELWHGE\3,3GHSOHWLRQHJGXHWR3/&RUFL963DFWLYDWLRQ6RZQLQ&LVDFKDQQHOLQ
WKH DEVHQFH RI PHPEUDQH 3,3 EXW VWDELOL]HG E\ ]LQF HJ YLD µVKLHOGLQJ¶ WKH QHJDWLYHO\FKDUJHG
UHVLGXHV DQG FRRUGLQDWLQJ WKH FKDQQHOPHPEUDQH LQWHUIDFH WR VWUHQJWKHQ WKH LQWHUDFWLRQV ZLWK RWKHU
SKRVSKROLSLGV6KRZQLQ'LVDVFHQDULRRIDVXEVDWXUDWLQJPHPEUDQH3,3 OHYHOZKHQWKHFKDQQHO
DFWLYLW\ LVPD[LPL]HGE\]LQFGXHWRLQFUHDVHGVWDELOLW\RI LQWHUDFWLRQZLWK3,3DQGRWKHUPHPEUDQH
SKRVSKROLSLGV
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 'HOPDV3	%URZQ'$3DWKZD\VPRGXODWLQJQHXUDO.&140.YSRWDVVLXP
FKDQQHOV1DW5HY1HXURVFL
 *DPSHU16KDSLUR06.&14&KDQQHOV+DQGERRNRI,RQ&KDQQHOVHG=KHQJ-
7UXGHDX0&&5&3UHVV%RFD5DWRQ)/VW(GSS
 *ULENRII9.7KHWKHUDSHXWLFSRWHQWLDORIQHXURQDO.Y.&14FKDQQHOPRGXODWRUVDQ
XSGDWH([SHUW2SLQ7KHU7DUJHWV
 6XK%	+LOOH%5HFRYHU\IURPPXVFDULQLFPRGXODWLRQRI0FXUUHQWFKDQQHOVUHTXLUHV
SKRVSKDWLG\OLQRVLWROELVSKRVSKDWHV\QWKHVLV1HXURQ
 =KDQJ+HWDO3,3DFWLYDWHV.&14FKDQQHOVDQGLWVK\GURO\VLVXQGHUOLHVUHFHSWRU
PHGLDWHGLQKLELWLRQRI0FXUUHQWV1HXURQ
 /L<*DPSHU1+LOJHPDQQ':	6KDSLUR065HJXODWLRQRI.Y.&14.
FKDQQHORSHQSUREDELOLW\E\SKRVSKDWLG\OLQRVLWROELVSKRVSKDWH-1HXURVFL

 7HOH]KNLQ9%URZQ'$	*LEE$-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Supplemental Figure legends. 
Figure S1. Chemical structure of zinc ionophores used. 
Figure S2. Effect of zinc pyrithione (ZnPy; 10 PM) on the voltage dependence of KCNQ4 (A, B) 
and KCNQ2/3 (C, D) channels expressed in CHO cells. Voltage protocol is depicted in the inset in 
(B). Tail current amplitudes measured within first 5 ms of the final voltage step to -60 mV were 
plotted against main step voltage and fitted with Boltzmann function (A, C). Example current traces 
are shown in (B, D). 
Figure S3. Sodium pyrithione augments KCNQ4 current by raising intracellular zinc. (A) 
Perforated patch clamp recordings from the KCNQ4-transfected CHO cells showing the time 
courses for effects of 10 PM sodium pyrithione (NaPy), 10 PM ZnPy and 20 PM TPEN (as 
labelled) on the KCNQ4 current amplitude. Example current traces are shown on the right; voltage 
protocol is given in inset above the traces. (B) Summary of the experiments presented in (A); 
number of cells is indicated within the bars; asterisks indicate significant difference from the 
baseline with **p<0.01 (paired t-test). (C) Fluorescence imaging of CHO cells loaded with zinc 
fluorophore, FluoZinTM-3AM. Mean time course of changes in FluoZin-3 fluorescence during 
application of 10 PM NaPy followed by 10 PM ZnPy; n=31.   
Figure S4. Extracellularly applied zinc does not augment KCNQ4 current. (A) Perforated 
patch clamp recording from the KCNQ4-transfected CHO cells showing the time courses for effects 
of 50 PM ZnCl2 and 10 PM XE991 (as labelled) on the KCNQ4 current amplitude. Example current 
traces are shown in the inset; voltage protocol is given in the inset above the traces. (B) Summary of 
the experiments as these presented in (A); number of cells is indicated within the bars. 
Figure S5. Ascorbate does not produce measurable increase of intracellular zinc levels. 
Fluorescence imaging of CHO cells loaded with zinc fluorophore, FluoZinTM-3AM. Shown are the 
example time courses of changes in FluoZin-3 fluorescence during application of 2 mM ascorbate 
and 10 PM ZnPy (as labelled). Example fluorescence micrographs taken at the times indicated by 
the letters are shown in the inset. 
Figure S6. Replacement of C-terminal histidines in KCNQ4 increases the current potentiation 
efficacy of zinc. Perforated patch clamp recordings from the CHO cells transfected with the 
wtKCNQ4 (A), KCNQ4 H334A (B) or KCNQ4 H(330,334,569,669)A (C) showing the effects of 
10 PM ZnPy and 10 PM XE991 (as labelled) on the current amplitude. Example current traces are 
shown in the insets. Summaries of baseline current amplitudes and maximal ZnPy-induced current 
amplitudes (both measured at 0 mV) for the wtKCNQ4 and two mutants are shown in (D) and (E), 
respectively. Number of cells is indicated within the bars; asterisks indicate significant difference 
from the wtKCNQ4 with *p<0.05 or **p<0.01 (one-way ANOVA with Bonferroni correction). 
Figure S7. Neutralization of a PIP2-interacting residue in the S4-S5 linker of KCNQ4 
increases channel PIP2 dependence and current potentiation efficacy of zinc. Perforated patch 
clamp recordings from the CHO cells transfected with the wtKCNQ4 (A) or KCNQ4 K236L (B) 
showing the effects of 10 PM ZnPy and 10 PM XE991 (as labelled) on the current amplitude. 
Example current traces are shown in the insets. Panels (C, D) show summaries of baseline current 
amplitudes and maximal ZnPy-induced current amplitudes (both measured at 0 mV) for the 
wtKCNQ4 (C) or KCNQ4 K236L (D) overexpressed either alone or together with the PI(4)5-kinase 
(PI5K). Panel (E) summarizes the augmenting effect of ZnPy (normalized to baseline) for 
wtKCNQ4 or KCNQ4 K236L in CHO cells with or without PI(4)5-kinase co-expression (as 
labelled). Asterisks denote significant difference from the group indicated by the line connector 
with *p<0.05 or **p<0.01 (one-way ANOVA with Bonferroni correction). 
Figure S8. ZnPy reduces inhibition of Kv7.4 by M1 muscarinic receptor activation. (A) 
Perforated patch clamp recording from the KCNQ4-transfected CHO cells showing the time courses 
for effects of 20 PM Oxotremorine-M (Oxo-M) and 10 PM XE991 (as labelled) on the KCNQ4 
current amplitude. (B) Is similar to (A) but 10 PM ZnPy was applied before Oxo-M. (C) Summary 
of the experiments as these presented in (A, B); number of cells is indicated within the bars. 
Asterisks and number symbols denote significant difference from the group indicated by the line 
connector with p<0.05, p<0.001 (paired or unpaired t-test, as appropriate). 
Figure S9. Effects of ZnPy on Kir2.3 and Kv1.4. (A-C) Effect of ZnPy on Kir2.3; (A) Whole-cell 
patch clamp recording from the HEK293 cells transfected with Kir2.3 (kind gift from Diomedis 
Logothetis, Virginia Commonwealth University School of Medicine) and GFP showing the time 
courses of the effect of 30 PM of Kir channel inhibitor, ML133 on the Kir2.3 current amplitude. 
Currents were recorded by 250 ms voltage ramps from -160 to +20 mV from a holding potential of 
P9LQUHVSRQVHWRDSSOLFDWLRQRIµKLJK-K+ VROXWLRQ¶RIWKHIROORZLQJFRPSRVLWLRQLQP01D&O
5, KCl 140, CaCl2 2, MgCl2 1, HEPES 20 and Glucose 10, (pH 7.4 with NaOH). Control bath 
solution contained (in mM): NaCl 160, KCl 2.5, CaCl2 2, MgCl2 1, HEPES 10, and Glucose 8, (pH 
7.4 with NaOH). The intracellular solution contained (in mM): KCl 175, MgCl2 5, HEPES 5, 
BAPTA 0.1, K2ATP 3 and NaGTP 0.1 (pH 7.2 with KOH). (B) Example traces showing effects of 
ZnPy (1-10 PM) on Kir2.3 currents recorded as in (A). (C) Summary of the experiments as 
presented in (B); maximal inward current amplitude at -160 mV is analysed. Number of cells is 
indicated within the bars. Asterisks denote significant difference from the control with p<0.05, 
p<0.001 (Repeated measures ANOVA). (D, E) Effect of ZnPy on Kv1.4; (D) Exemplary current 
traces recorded using whole-cell patch clamp from the HEK293 cells transfected with Kv1.4 
(Youbio, China) and GFP in control conditions and in the presence of 10 PM ZnPy; voltage 
protocol is depicted below the traces. Recording solutions were as follows. The external solution 
contained (in mM): NaCl 140, KCl 5.4, CaCl2 2, MgCl2 1.0, HEPES 10 and glucose 10 (pH 7.3 
with NaOH); intracellular solution contained (in mM): KCl 140, Mg-ATP 4, MgCl2 1, CaCl2 1 and  
HEPES 10  (pH 7.4 with KOH). (E) Summary of the experiments as in (D); number of cells is 
indicated within the bars. Asterisks denote significant difference from the control with p<0.001 
(paired t-test). 
